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EXECUTIVE  SUMMARY 

v  This  report  describes  studies  conducted  at  the  National  Institute  of 
Petroleum  and  Energy  Research  (NIPFR)  for  the  Federal  Aviation  Administration 
(FAA)  under  a  cost  sharing  agreement  with  the  U.S.  Department  of  Energy.  In 
these  studies,  the  effect  of  aging  automobile  gasoline  on  its  volatility  and  its 
octane  rating  was  measured. 

The  samples  tested  in  this  program  represented  a  wide  geographic 
distribution  for  both  winter  and  summer  Mends  of  automobile  gasoline.  Aging  was 
accomplished  by  heating  the  samples  to  110°  F  in  vented  containers  and  keeping 
the  fuel  sample  at  that  temperature  for  48  hours.  The  change  in  the  volatility 
of  the  fuel  was  measured  using  the  Reid  Vapor  Pressure  (or  an  equivalent  test  and 
correcting  it  to  the  Reid  Vapor  Pressure).  The  research  and  motor  octane  numbers 
were  measured  before  and  after  aging.  The  distillation  curve  of  each  fuel  was 
determined  for  both  the  initial  and  aged  samples.  The  constituents  of  each  fuel 
were  identified  for  both  the  initial  and  aged  samples  using  gas  chromatography 
and  the  prir-IoJa  constituents  lost  during  aging  were  identified. 

'  hf  ,,  iges  in  the  distillation  curve  and  the  Reid  Vapor  Pressure  were 
greater  for  the  winter-grade  fuels  than  the  summer-grade  fuels.  This  was 
expected  since  the  winter-grade  fuels  contain  a  larger  percentage  of  low 
molecular  weight  constituents  (e.g.,  butane  and  isopentane)  and  these  are  the 
principle  components  lost  during  the  aging  process. 

The  changes  in  octane  as  a  consequence  of  aging  were,  for  the  most  part, 
negligible.  The  principle  exception  was  for  the  winter-grade  sample  of  fuel  from 
Philadelphia  which  contained  an  unusually  high  percentage  of  butane.  The  change 
in  octane  rating  was  similar  for  both  the  winter  grade  and  the  summer  grade 
fuels . 
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WEATHFRING  EFFECTS  ON  FUEL  QUALITY 


INTRODUCTION 

The  mandated  reduction  In  fuel  lead  level  and  an  increasing  demand  for  high 
octane  quality  fuels  necessary  for  maximum  performance  of  vehicles  require 
refineries  to  consider  all  possible  means  to  produce  acceptable  quality  fuels  at 
competitive  costs. 

In  the  light  aircraft  industry,  concerns  exist  that  the  substitution  of 
motor  gasoline  for  aviation  gasoline  might  result  in  engine  failure  during 
maximum  power  demands.  Weathered  fuels  which  have  lost  higher  volatility 
components  will  have  qualities  that  are  more  closely  related  to  the  remaining 
lower  volatility  components.  The  bulk  of  the  remaining  portion  lies  in  the 
distillation  range  that  would  be  produced  from  alternative  feedstocks  and  these 
tend  to  be  the  lover  octane  components.  Requests  to  the  Federal  Aviation 
Administration  (FAA)  for  autogas  certification  have  raised  questions  concerning 
current  regulations.  The  fuel  certification  procedures  require  aircraft  fuel 
tests  to  be  conducted  at  110°  F.  Concerns  are  related  to  the  higher  volatility 
characteristics  of  autogas  compared  to  aviation  gas  and  the  possibility  of 
inducing  vapor  lock  at  high  temperatures.  There  is  also  Inadequate  information 
regarding  the  weathering  effect  of  fuel  storage  at  high  temperature  and  resultant 
effects  on  fuel  octane  quality. 

EXPERIMENTAL  PROGRAM 

The  experimental  program  at  the  National  Institute  for  Petroleum  and  Energy 
Research  (NIPER)  was  initiated  to  provide  information  to  aid  in  making  technical 
judgments  on  fuel,  fuel  specifications,  and  fuel  conditioning  requirements  for  a 
range  of  fuels  that  could  be  utilized  in  current  light  aircraft.  This  portion  of 
the  work  is  centered  on  determining  the  acceptability  of  motor  fuels  that  have 
been  weathered,  causing  loss  of  volatile  components. 

TEST  FUELS. 

Commercial  auto  gasolines  from  various  locations  were  surveyed  for 
volatility  and  octane  quality — in  both  as-received  and  after-weathering 
conditions.  Antiknock  quality  was  evaluated  to  assess  the  suitability  of  this 
variety  of  auto  fuels  for  aviation  applications.  Experiments  have  been 
conducted  with  ten  winter  ( January-February)  and  ten  summer  (July-August)  fuels 
that  were  obtained  from  commercial  suppliers  representing  various  geographic 
(refining)  areas  in  the  contiguous  48  states.  The  fuels  were  tested  in  as- 
received  condition  with  no  modifications  to  the  existing  vapor  pressures. 

Specific  fuel  properties  will  be  presented  in  the  section  dealing  with  test 
results . 

TEST  PROCEDURES. 

Prior  to  testing,  all  fuels  were  stored  in  air  tight  sealed  drums  at  50°  F 
and  equilibrated  at  that  temperature  for  a  minimum  of  one  week.  The  fuel 
weathering  tests  involved  transferring  the  fuels  to  vented  test  tanks,  heating 


the  fuel  to 
This  time  p 
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required  fo 
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110°  F  and  maintaining  that  fuel  temperature  for  a  48-hour  period, 
eriod  was  chosen  to  ensure  noticeable  aging  effects  following 
on  at  110°  F.  Fuel  samples  were  taken  within  one  hour  of  the  time 
r  the  fuel  to  equilibrate  at  110°  F  and  at  12,  ?4,  and  48  hours 
or  determination  of  vapor  pressures.  In  addition,  fut 1  samples  were 
from  the  initial  or  fresh  fuel  and  at  the  48-hour  point  following 
equilibration.  These  samples  were  analyzed  for  distillation 
tics  (ASTM  D  8b) ,  research  octane  number  (RON)  (ASTM  D2699)  and  motor 
er  (MON)  (ASTM  D2700) .  An  attempt  to  identify  specific  components  of 
es  which  are  lost  due  to  weathering  at  this  temperature  was  conducted 
hromatographic  techniques. 


Two  fuel  tanks  representative  of  light  aircraft  were  used.  These  were 
rectangular  shaped  with  low  height  and  large  bottom  surfaces.  The  total  tank 
volumes  were  nominally  13  gallons.  F.ach  tank  was  vented  through  fill  ports  and 
this  rer.  was  less  than  2  percent  of  the  tank  top  area.  The  tanks  were  placed  on 
stands  in  a  test  cell  having  a  temperature  control  range  of  50°  to  120°  F  +  1°. 
Thermocouples  were  placed  in  the  tanks  approximately  one  inch  above  the  bottom 
surface  to  monitor  fuel  temperature,  and  additional  monitoring  for  temperature 
history  was  made  with  a  chart  recorder.  The  tank  levels  specified  were  a  minimum 
of  90  percent  full. 


:e  test  procedure  consists  of  the  following: 


4. 


5. 
b . 


Fuels  were  stored  at  an  ambient  temperature  50°  F  and  an  initial  (fresh 
fuel)  sample  was  taken  under  these  conditions. 

Test  fuel  tanks  were  filled  with  50°  F  fuel  to  the  12-gallon  (92 
percent  full)  level. 

Tank  vents  were  left  open  to  the  atmosphere. 

The  tanks  were  then  placed  in  the  soak  area  and  heated  to  a  fuel 
temperature  of  110°  F.  This  fuel  temperature  was  controlled  by  room 
ambient  temperature  throughout  the  test  to  +  1°  F. 

Fuel  samples  were  taken  within  one  hour  of  attaining  the  desired 
temperature.  This  was  referred  to  as  time  *  0. 

Additional  samples  were  taken  at  12,  24,  and  48  hours  following 
equilibration  at  110°  F. 


As  mentioned  earlier,  additional  measurements  were  made  with  the  intial  and 
48-hour  samples.  These  included: 


1.  Distillation  characteristics  by  ASTM  D  8b  technique. 

2.  Fuel  octane  evaluations — both  RON  and  MON. 

?.  Component  characterization  by  gas  chromatographic  analyses. 


pressure  measurements  were  made  from  all  samples  taken.  The  fuel 
vapor  pressure  analyses  were  stored  and  equilibrated  at  80°  F.  Vapor 


snmpl  r-  s  t 

pressure  measurements  1  Hr  the  ten  winter  grade  fuels  were  made  at  Nll’F.R  using  the 
ASTM  ri!(-ro’,,';ior  pressure  (MVP)  procedure  D  2551-71.  The  MVP  was  measured  with  a 
nr  do  I  "  •"  vapor  pressure  gauge  from  Manufacturers  Engineering  and  Equipment 

Corpora  t  i  r  *» . 
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The  micro  method  was  developed  as  an  alternative  to  the  standard  KVP 
procedure  ASTM  i>  11:3  to  offer  an  advantage  In  speed  and  size  of  sample  required. 
The  RVP  method  consisted  of  fill  inn  a  gasoline  chamber  of  vapor  pressure 
apparatus  with  a  chilled  sample  of  gasoline.  The  gasoline  chamber  was  connected 
to  an  air  chamber  maintained  at  100°  F,  and  the  apparatus  was  immersed  in  a  hath 
at  100°  F  and  .shaken  periodically  until  a  constant  pressure  was  observed  on  a 
gauge  attached  to  the  apparatus.  The  gauge  reading,  suitablv  corrected,  was 
reported  as  Reid  vapor  pressure. 

The  mf crovapor  pressure  consisted  -f  introducing  a  liquid  sample  into  in 
evacuated  chamber  fitted  with  means  of  measuring  pressure  in  the  chamber  ref-ore 
and  after  sample  introduction.  The  apparatus  was  immersed  in  a  constant 
temperature  bath  of  100°  T.  Both  the  RVP  and  MVP  procedures  used  vapor /I iqt  id 
volume  ratios  of  about  4:1. 

When  a  sample  of  volatile  hydrocarbons  is  saturated  with  air  and  1  nt  m -dure d 
into  a  chamber  and  allowed  to  equilibrate,  the  increase  in  pressure  is  equal  to 
the  sum  of  tut-  fo  1  '  nvin,,  four  pressures: 

1.  vn;o  r  pressure  of  the  liquid  at  the  temperature  of  the  chamber. 

H.  '.  u.  partial  pressure  of  the  dissolved  air  that  comes  out  of  solution. 

I .  Thu  partial  pressure  of  the  dissolved  water. 

4.  The  compression  effect  of  the  liquid  volume  on  initial  air  within  the 

>  1 -.amber  . 

The  only  significant  pressures  of  these  four  which  contribute  to  the  total 
pressure  are  the  fiist  two.  the  vapor  pressure  of  the  sample  and  partial  pressure 
v  the  dissolved  air. 

ry  nature  of  the  systems,  the  evacuated  chamber  associated  with  the  MVP 
presumes  that  all  dissolved  air  will  come  entirely  out  of  the  solution  and  be 
measured  and  corrected;  whereas,  the  Reid  method  (above  atmospheric  pressure) 
automatically  compensates  for  the  effect  of  dissolved  air.  Therefore,  the  RVP  of 
a  given  sample  will  always  he  lower  than  the  MVP  of  the  same  sample.  Fin- 
conversion  of  MVP  results  co  RVP.  the  MVP  may  be  corrected  for  the  effect  of 
dissolved  air  or  empirically  correlated  with  Reid  values. 

'"he  samples  were  saturated  with  air  at  o0°  F  and  pressures  measured  hv 
:  rtvrv  manometer  at  100°  F  by  mercury  manometer.  The  empirical  mathematical 
relationship  of  MVP  and  RVP  was  supplied  with  the  test  apparatus. 

Ti  e  .  >•’  a t  i <-t> : 

1’KVP,  psi  =  0.01  °  (MVP,  mmHg')  -  0.66 

a .  1  ow.‘  the  measured  MV  P  to  be  expressed  as  an  equivalent  Reid  vapor 
'  FRIT '  . 

The  sum-.';-  fuel  vapor  pressure  measurements  were  made  using  the  Pel- 
procedure.  V  Per  mg  semi -automatic  Re  id  vapor  pressure  apparatus  was  used.  Te 

>  hart.-o  in  ’■vpor  pressure  apparatus  for  the  summer  measurements  was  made  primarily 
for  purpose  of  faster  turnaround.  Kesults  from  the  two  tvpes  of  vapor  pressure 
-km  s  u  r  tine  n  t  s  ve  •*<<  exam  i  tied  at  NIfFR  tor  a  variety  of  fuels  in  the  pressure  range 

inter.  and  w-n  found  to  be  verv  comparable. 


RESULTS 


<i  I NTFK-1  'RAPF  FUELS. 

Table  1  c'novs  a  tabular  history  of  the  fuel  vapor  pressure  changes  due  to 
weathering  effects  at  110  F.  The  fuels  are  identified  b\  the  city  of  origin. 
These  data  are  presented  as  FRVP.  The  vapor  pressure  samples  were  taken  within 
the  previeuel;.  defined  time  limits.  As  a  group,  the  original  or  unweathered 
pressures  had  (with  Philadelphia  as  an  exception)  an  approximate  range  of  12.5  to 
1  -  psi.  The  Philadelphia  fuel  had  a  value  of  ln.1  psi.  The  weathered  values 
varied  •'  rest  ,v>our  '  0  to  11  psi  Indicating  losses  in  ERVP  ranging  from  about  2.0 
t  •  '  .  ;•  < :  f.>:  the  48-hour  period. 

.  cures  ■  through  5  are  the  plotted  vapor  pressure  resists  for  fuels  which 
were  ’  simultaneously.  It  should  be  noted  that  the  differences  in 

ere  .  iti.n  time  (from  initial  sample  to  t  =  0)  are  due  to  changes  in  test  cell 
Leu  r  i :  .  trap  Hit  Les .  An  initial  malfunction  *n  the  system  was  responsible  for 
heio"  e,;u  :  .  i  hr  at  i  on  periods  as  seen  in  the  Denver-Wicni  t  a  plot  (figure  4). 

were  reduced  to  around  10  hours  following  re  naira.  Cell  temperatures 
:t  :  i"  ec  reached  1  ■>  (:*■'’  F  during  this  period,  but  careful  modulation  assured  no 

at  ure  < — mrsions  from  the  target  values.  A  linear  regression  analysis 
va  •  ted  n  the  results  for  the  winter  grade  fuels.  From  these  results 
t '  er«?  -r  pears  to  be  a  strong  relationship  between  the  change  in  vapor  pressure 
and  initial  EVP;  that  is,  the  higher  the  initial  RVP,  the  greater  the  change 

h:e  to  i.gtpp.  however,  this  relationship  is  also  affected  by  fuel  compositional 
:  i  f  ences  .  The  data  suggest  that  fuels  with  similar  initial  vapor  pressures, 
:.e.(  P-ui-.-f.  r-Vichi  ta  and  Rockvil le-San  Diego,  do  not  necessarily  weather 
MM!  i  r :  .  These  differences  would  appear  to  he  attributable  to  compositional 
:  ‘  r  :‘c  r-r.ces .  In  general,  most  of  the  vapor  pressure  decreases  occurred  before 
;  ■  :.r  weathering  pilin'- . 

'a'  ■■  ’  pre  sents  octane  changes  (both  RON  end  MON)  for  these  ten  high  vapor 
-  ore  .  :nt-*r  fuel  s .  Decreases  In  octane  <;ra  .  1  tv  due  to  weathering  appeared  to 
-  [•  i-  '  •  M  were  general  iv  less  than  0.5  ot  tane  number.  Most  of  these  data 

w>  •  c  ■  ;  '  1-  .  xpe  -  tmenta )  repeatability.  An  exr  pt  (or  is  seen  with  the  winter 
;  ’  i  '  .  regular  no', ended  fuel.  A  decrease  of  0.7  in  MOM  was  noted  and  as 

c  vi  (■  the  .  i-npos  1 1  i  ona  1  data,  is  attributed  to  the  high  initial  content 


thr  ugh  15  show  changes  in  the  fuels*  distillation  character  due 
led  weathering  conditions.  Tl’«  fuels  all  exhibited  similar  trends, 
■free  due  to  loss  of  volatile  front-end  components. 

it.  fuel  initial  boiling  point  (IBP)  attributable  to  the  110°  F 
f’  to  F.  Ten-volume  percent  distilled  level  changes  varied 
F  *o,  the  r.irramento  fuel  to  a  high  of  16°  F  for  the  unleaded 


•*  ‘u  1  r  <h'wed  similar  trends  for  the  most  part,  with  the  high 
1  h  i  1  ade  1 ’dii  a  fuel  exhibiting  the  largest  changes  d  ti  boiling 
-Ml'  tl  ti  temperature  increases  for  this  fuel  ranged  to  more  than 
r 1  .  1  r h-volume  percent  distilled  points.  Again,  the  larger 

*•  '’uel  re  attributable  to  losses  of  a  large  amount  of  butane 
nrf.Jnl  fuel. 


Tables  3  through  ! are  tuel  compositions  for  the  Individual  fuels.  These 
are  results  of  gas  chrom.it ugrnph I e  analyses  conducted  on  the  Initial  and  48-  hour 
samples.  These  Gil  .la*- a  are  presented  as  volume  percent  summations  as  a  function 
of  both  carbon  number  and  compound  class.  A  listing  of  compound  specific 
analyses  for  each  simmer  and  winter  fuel,  original  and  weathered,  are  contained 
in  reference  1.  In  general,  as  might  be  expected,  most  of  the  changes  occur  in 
the  Cj  to  range  containing  the  most  volatile  materials,  i.e.,  butanes,  and 
pentanes.  Note  that  when  reviewing  table.;  ?,  through  12,  relative  changes  should 
be  kept  in  mind;  as  one  component  decreases,  the  relative  percentage  of  the 
others  increase. 

As  an  example,  the  !  t . )  psi  Philadelphia  fuel  exhibited  the  largest  changes 
in  vapor  pressure,  act  -:no ,  and  distillation  character.  Table  4  presents  the 
compositional  summaries  fro a  samples  taken  before  and  after  weathering.  Rv  far, 
the  largest  total  charge  is  wi cn  the  C4  compounds.  The  very  high  initial  vapor 
pressure  would  suggest  that  the  volatile  materials  lost  were  butane  and 
isopentane.  TV  •  f ic  component  listing  in  reference  1  indicates  a  high 
initial  Vat  .no  content. 

SUMMER-  >  l  ■  FUELS. 

The  summer  fuels  tested  were  procured  from  geographic  locations  similar  to 
those  nr  the  winter  fuels.  Roth  regular  and  premium  unleaded  gasolines  were 
obtained,  and  as  would  be  discovered,  a  gasohol  fuel  was  included.  Table  13 
slows  the  effect  of  a  controlled  110°  F  soak  on  the  vapor  pressures.  Unweath¬ 
ered  fuel  RVP  values  were  from  about  8.3  to  11  psi.  Decreases  in  vapor  pres¬ 
sures  due  to  weathering  ranged  from  a  low  of  0.3  psi  for  Wichita  samples  to  a 
high  of  .  nsi  lor  Duluth .  As  with  the  winter  fuels,  most  of  the  decreases 
occurred  within  Id  hours,  and  the  drop  in  RVP  appears  to  be  marginally  dependent 
or.  the  Initial  RVP  of  the  summer  grade  blends,  with  the  fuel  composition 
affecting  the  overall  decline. 

'octane  quality  changes  are  presented  in  table  14.  Motor  octane  results 
showed  no  degradation  ;o-  most  of  the  fuels.  Onlv  the  premium  unleaded 
Sacramento  fuel  tests  indicated  a  significant  octane  decrease  of  0.7. 

Figures  through  25  contain  information  on  the  summer  fuel  distillation 
character  before  and  after  weathering.  For  most  cases,  there  were  barely 
discernible  f  Terences  in  fuel  boiling  range  due  to  weathering.  IBP  changes 
were  minimal.  The  Houston  fuel  exhibited  the  most  change  with  5,  10,  and  20 
percent  point*?  increasing  bv  about  10°  F  after  weathering.  This  is  not 
unexpected  foi  these  fuels  since  they  contain  far  lower  quantities  of  the  more 
volatile  front -end  components  normally  used  for  vapor  pressure  enhancement. 

Open  if ic  al-oim!  analysis  was  conducted  with  the  New  Orleans  fuel.  Results 
s' owed  1 0-volume  percent  ethanol,  thus  accounting  for  the  unusual  shape  of  the 

•'  i  ' ;  i  1  1  a  t  i  curves — the  boiling  point  for  ethanol  is  173°  F. 

TaMos  '5  thr  augli  ’’  3  contain  fuel  compositional  summaries  for  the  summer 
t  tie!  s .  As  v  ?  h  tin'  wlri  e  r  fuel  results,  the  changes  occur  mostly  in  the  front 
••rsds.  from  3;  to  3,.  Again,  the  specific  component  results  for  these  fuels  are 
■  out  ained  i  »■«*•  -  reu'-e  1.  It  should  be  noted  that  the  relatively  small  component 

1  osscs  for  these  fue;  had  ess.,  nt  ial  ly  no  effects  oa  their  octane  and 

i  st  i  1  lat  i  o'  character  1st  ler  . 


CONCLUSION  ; 


if  conducted  t  measure  the  effect  or  ipm.  n ■  tmo’  .  -  ■  ‘  i  tu  -.t 

fuel  '  i>r.itar.i-  charac  t  er1  s  t  1  c  s .  u'.'n'er  .?•■(!  :■  ,  •  :  r  ‘  v«  .t 

too’.. i  re.-  :  r  --nr*  locatior-  in  the  conti  -.cup  •'  :  t  .■ 


It  :  r  i  ,'i1  ''need  that  in  most  cases  <■  ban  :;cs  ;  ••  i. > 
r.a'.itv  4  v  fuels  at  1  10°  F  for  4P  i.-.-s  w«.  •  - -1 

sur:r  e:  a  ■  n  t  >r  fuels.  The  on !  v  excentioi  •  -  ~,r-  !  tec...  t 

one  c a c e  c  a  r  ivelv  high  butane  concent  rat  ton  1 .  <•»•<>  •  u.-l 
pant's  ;  oVed  f  o',  I  owi  ng  aging  but  pro  r  in  te-  :  o- 

ra  r  i  •• . 


1  .  a  ... .  1  Inn  oc  r .  - 
'  '.if  ‘.u  l  i 
•  '  ;  vv*v  i !  \  -  -  in 
- 1 ti  It-  .-!•:* >t  in-r  a 
r  tin-  oc :  a-x 


i.;:.  i  rude  of  decrease  in  volatility,  as  cha  ran  r  e-i  7  ■  '  bv  R<»  i  <!  Vapor 
•V" '  vas  somewhat  dependent  on  the  in-'cial  rest  Cue  i  RYP .  However , 

••  irr.i  1  ar  initial  vapor  pressures  do  -••t  e-cessa*  l  i  ..  -e  it  i  si  mi  1  nr 
i  a  M  1  i  t  decreases  due  to  aping  are  d >■  rendeut  >u.  the  f-p  •  ini'  quant  i  t 
r  'car'-tr  components  found  in  the  r 

■  ises  1 '  KVP  .iue  to  aging,  for  both  sum. -.or  and  or  ,  -ois,  occurred 

v  r  •’  -  -r  ;  •  during  t’  •  i  I-nour  period  fol  low  Jr..-;  ecu  ;  I  bra :  •'  on  .t  1  1'U’  F.  Changes 
it:  .t'iur  •  tween  .  "mi  4  R  b.or.rs  were  within  m  thod  repe  tan  1 1  icy  . 

An. in ^  *  the  ummer-grade  fuels  produced  .miy  mino*’  increases  in  the 

n.  t  y  *  t  ’  i  a  t  !■  t  r  emper;i  t  ur  es  .  Increases  in  the  initial  boil  in  ,  urine  and 
dirt  II  i.iti  on  curve  were  mere  pronounced  for  the  w  1  nter -g rede  fuels.  These 
*  nc  r-:-  !se^  were  most  evident  in  the  front  end  (1,  w  r  ilecul  r  weight-low  boiling) 
t  ’  ~  .  t  rat./-  of  the  distillation  curva.  The  winter  trade  Tr  i  udelphia  gasoline, 
•of.-,  ined  a  very  high  butane  concentre  t  if.  ex  hi  '••  i  '  ed  the  greatest  loss  in 
•  .  The  changes  measured  in  these  experiments  -  re  sin  far  to  results  f com 

sir1!  -  ■-'  dies  r  •'•'tailed  it  references  ?,  A,  vv.l  . 
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vapor  pressure  versus  tine 

Equivalent  Reid  Vapor  Pressure  (psi) 
Time 


Fuel 

Original 

o 

12 

24 

48 

Houston,  TX 

.2.51 

l  i .  69 

11.31 

10.97 

10.65 

Sacramento,  CA 

iP  .51 

1 ; .  Ac; 

10.99 

11.10 

10.61 

Philadelphia,  PA 

It.;  A 

1  \  1 
.  1; 

11.37 

11.16 

10.78 

New  Orleans,  LA 

12.66 

11.61 

11.10 

11.03 

10.80 

Rockville,  MD 

1 2.  Ho 

10.99 

10.70 

10.32 

10.13 

San  Diego,  CA 

1 2 . 98 

11.48 

11.18 

10.95 

10.87 

Denver,  CO 

lr  05 

12.36 

11.73 

11.27 

10.84 

Wichita,  KS 

K.  08 

12.08 

11.69 

11.54 

11.37 

Ft.  Lauoe;  L- 1  F L 

11.98 

10.19 

10.15 

10.04 

9.81 

Chicago,  It 

13.93 

11.82 

11.44 

11.37 

10.87 

TABLE  2. 

-  Octane 

ratings 

RON 

MON 

Fuel 

Initial 

Final 

Oiff 

Initial 

Final 

Diff . 

Houston,  TX 

91.6 

91.5 

0.1 

82.6 

82.4 

n.2 

Sacramento,  CA 

92.0 

91.7 

0.3 

82.6 

82.4 

0.2 

Philadelphia,  PA 

92.  i 

91.7 

0.4 

81.5 

80.8 

0.7 

New  Orleans,  i.A 

92.3 

92.3 

0.0 

86.2 

86.1 

0.1 

Rockville,  KO 

91.7 

91  .a 

0.3 

82.3 

82.2 

O.i 

San  Diego,  CA 

92.3 

92.1 

0.2 

82.8 

82.5 

0.3 

Denver,  CO 

39 .0 

88.6 

0.4 

80.5 

80.1 

0.4 

Wichita,  KS 

91.5 

91.7 

0.1 

82.8 

82.5 

C .  3 

ft.  Lauderdale ,  f ! 

91.6 

9 : .  t 

O.0 

32.2 

82.1 

0. 1 

Chicago,  II 

91.3 

91.3 

0.0 

82.4 

82.3 

0.1 

-V  .-.V.  r.  y.  v 


Ai  A-a  mV»  "m  '-a?*  » 


sssss 


FIGURE  1.  -  Vapor  pressure  history,  winter  fuels  from 
Houston  and  Sacramento. 


TIME,  hours 

FIGURE  3.  -  Vapor  pressure  history,  winter  fuels  from 
Rockville  and  San  Dieqo. 


FIGURE  5.  -  Vapor  pressure  history,  winter  fuels  from 
Ft.  Lauderdale  and  Chicago. 


DISTILLATION  1EMPERATURE 


Philodelphia 


48  Hour  — v  / 

\  /  y 


Initial 


10  20  30  40  50  60  70  8: 

VOLUME-PERCENT  DISTILLED 


FIGURE  6.  -  Changes  In  distillation  character  due  to  weathering 
winter  fuels  from  Philadelphia. 


OIST  ILLAT  ION 


DISTILLATION  TEMPERATURE 


Wichita 


48  Hour  — v  y* 


Initial 


10  20  30  40  50  60  73 

VOLUME- PERCE  NT  0  1ST  I  LL  E  3 


FIG'JPE  9. 


Changes  in  distillation  character  due  to  weathering 
winter  fuels  from  Wlchtt-i. 


-*  -  »  *  . * .  *  » 

-  j 


*  t’  «t".  ^  «*  ,*  V 


FIGURE  10.  -  Changes  In  distillation  character  due  to  weathering, 

winter  fuels  from  Houston. 
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DISltLLAT  ION  l  t  Ml’ENAl  URE  ,  °F 


Sacramento 


48  Hour 


200 


10  20  30  40  50  60  70  80 

VOLUME-PERCENT  OISTILLEO 


c I GURE  11.  -  Changes  in  distillation  character  due  to  weathering 

winter  fuels  from  Sacramento. 


DISTILLA1  ION 


1  ,  i  ,  i  ,  1  ■  I  t  I  ■  1  ■  '  l ! _ i — L 

o  10  20  30  40  50  60  70  £0  90 

VOLUME*  PERCENT  DISTILLED 


FIGURE  12.  -  Changes  in  distillation  character  due  to  weathering, 
winter  fuels  from  Rockville. 
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niSTILLAllON  IEMPERATURE 


Son  Diegc 


48  Hours 


Initial 


10  20  30  40  50  60  70  80 

VOLUME-PERCENT  DISTILLED 


FIGURE  13.  -  Changes  in  distillation  character  due  to  weathering 

winter  fuels  from  San  Diego, 


DISTILLATI 


0  10  20  30  40  50  60  70  8 

VOLUME-PERCENT  DISTILLED 


FIGURE  14.  -  Changes  in  distillation  character  due  to  weathering 
winter  fuels  from  Ft.  Lauderdale. 


PISTILLAl 


TABLE  3.  -  Fuel  composition  summary  -  New  Orleans  -  winter 


Volume-percent  Summation  by  Carbon  Number  and  Compound  Class 

Initial 


Carbon 

No. 


Normal 


22.13 


Paraffins 

Iso 

0.00 
0.00 
0.00 
2.26 
8.65 
8.01 
8.41 
16.88 
2.83 
2.20 
0.02 
0.00 

49.27 


Naphthenes  Olefins  Aromatics 


00 

0.00 

00 

0.00 

00 

0.02 

00 

0.88 

12 

4.52 

42 

1.51 

10 

2.68 

69 

0.03 

04 

0.00 

0.00 

0.00 

0.00 

Average  Molecular  Weight  =  88.64 
Average  Density  -  .702 
Average  Carbon  Number  =6.29 
H/C  Ratio  =  2.06 


Carbon 

No. 


Normal 


Paraffins 

Iso 


48  Hours 


Naphthenes  Olefins  Aromatics 


Average  Molecular  Weight 
Average  Density  -  .708 
Average  Carbon  Number  = 
H/C  Ratio  *  2.04 


Total 


10 

O.Oi 

10 

O.Oi 

10 

0.1 

10 

12.6' 

10 

19.2 

13 

16.2 

>8 

18.3 

5 

22.6 

0.00 

0.00 

0.06 

9.85 

18.33 

16.25 

18.78 

25.59 

6.45 

4.48 

0.21 

0.00 


100.00 


TABLE  4.  -  Fuel  composition  summary  -  Chicago  -  winter 


TABLE  5.  -  Fuel  composition  summary  -  Ft.  Lauderdale  -  winter 


Volume-percent  Summation 


Carbon 

Paraff ins 

No. 

Normal 

Iso 

1 

0.00 

0.00 

2 

0.00 

0.00 

3 

0.14 

0.00 

4 

8.12 

1.59 

5 

5.78 

10.71 

6 

3.40 

10.87 

7 

1.66 

5.75 

8 

0.45 

5.92 

9 

0.12 

1.63 

10 

0.08 

0.25 

11 

0.07 

0.00 

12 

0.00 

0.00 

Total 

19.81 

36.73 

Average  Molecular  Weight  =  87.39 
Average  Density  -  .720 
Average  Carbon  Number  =  6.27 
H/C  Ratio  *  1.90 


by  Carbon  Number  and  Compound  Class 

Initial 


Naphthenes 

Olefins 

Aromatics 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.00 

0.00 

1.20 

0.00 

0.17 

4.19 

0.00 

2.64 

3.04 

2.29 

1.52 

2.59 

8.31 

0.77 

0.06 

6.45 

0.02 

0.00 

6.09 

0.00 

0.00 

3.67 

0.00 

0.00 

0.40 

0.00 

0.00 

0.00 

5.12 

11.13 

27.21 

48  Hours 


Total 


0.00 

0.00 

0.19 

10.92 

20.85 

22.25 

19.83 

13.65 

7.86 

4.00 

0.46 

0.00 


100.00 


Carbon 

No. 


Normal 


Paraffins 

Iso 


Naphthenes  Olefins  Aromatics 


Total 


TABLE  6.  -  Fuel  composition  summary  -  Philadelphia  -  wirte- 

Vo1  ume-percent  Summation  by  Carbon  humcer  and  Comoo..- d  C  a 

Initial 


Norma1 


Paraff ins 
Iso 


Naphthenes  Olefins  Ar  .mat’cs 


.00 

0. 

,00 

r  _ 

.07 

17. 

.51 

29. 

.43 

15. 

.49 

12. 

.29 

10. 

.74 

8. 

.08 

4. 

.78 

i  . 

.13 

0. 

.48 

Total  22.31  32.59 

5.02 

20.53 

19.15 

100.00 

Average  Molecular  Weight  =  33.51 
Average  Density  -  .699 

Average  Carbon  Number  =  5.96 

H./C  Ratio  =  1.99 

48  Hours 

Carbon  Paraffins 

Nc.  Normal  Iso 

Napht.ienes 

O’efins 

Aromatics 

Total 

Average  Molecular  Weight 

fl,-'erage  Density  -  .723 
Average  Carbon  Number  = 
h/C  R 


100.00 


i: 


/  (* 


TABLE  7.  -  Fuel  composition  summary  -  San  Diego  -  winter 


Volume-percent  Summation 

by  Carbon 

Number  and 

Compound  Class 

Carbon 

No. 

Normal 

Paraffins 

Iso 

Initial 

Naphthenes 

Olefins 

Aromatics 

Tot  a1 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3 

0.12 

0.00 

0.00 

0.03 

0.00 

0.15 

4 

7.41 

3.97 

0.00 

0.74 

0.00 

12.12 

5 

4.64 

10.29 

0.19 

4.84 

0.00 

19.96 

6 

2.57 

7.20 

2.33 

3.22 

1.25 

16.57 

7 

1.37 

4.68 

3.17 

0.54 

6.28 

16.05 

8 

0.78 

6.61 

1.22 

0.01 

9.12 

17.75 

9 

0.38 

3.14 

0.11 

0.00 

7.19 

10.82 

10 

0.25 

1.02 

0.00 

0.00 

4.46 

5.72 

11 

0.14 

0.03 

0.00 

0.00 

0.48 

0.64 

12 

0.00 

0.06 

0.00 

0.00 

0.15 

0.22 

Total 

17.65 

37.00 

7.03 

9.39 

28.93 

100.00 

Average  Molecular  Weight  =  89.52 
Average  Density  -  .726 
Average  Carbon  Humber  =  6.43 
h/C  Ratio  =  1.89 


48  Hours 


Carbon 

No. 

Normal 

Paraffins 

Iso 

Naphthenes 

Olefins 

Aromatics 

Total 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3 

0.05 

0.00 

0.00 

0.01 

0.00 

0.06 

4 

6.00 

2.85 

0.00 

0.60 

0.00 

9.45 

5 

4.52 

9.69 

0.20 

4.69 

0.00 

19.10 

6 

2.64 

7.32 

2.35 

3.28 

1.30 

16.90 

7 

1.45 

4.88 

3.31 

0.58 

6.58 

16.79 

8 

0.82 

6.94 

1.00 

0.01 

9.60 

18.37 

9 

0.40 

3.21 

0.16 

0.00 

7.61 

11.37 

10 

0.26 

1.43 

0.00 

0.00 

4.90 

6.59 

11 

0.15 

0.17 

0.00 

0.00 

0.63 

0.95 

12 

0.00 

0.11 

0.00 

0.00 

0.30 

0.41 

Total 

16.29 

36.61 

7.01 

9.18 

30.91 

100.00 

Average  Molecular  Weight  =  91.61 
Average  Density  -  .734 
Average  Carbon  Number  =  6.60 
H/C  Ratio  =  1.86 


/vV,'v\ 


ABLE  3. 


^ue1  composition  summary  -  RccKv'Me 


. : ' ome -  percent 

Summation  by  Carbon  * 

iumDe.'  and  C..r 

T'  ...  no  .  ’  -  ■; 

Ini t :  a l 

C  a  r  d  c 

3a 

r  a '  f  i  n  s 

NO. 

NC'-TM  ’ 

Iso 

Naphthenes 

CJefjjTS 

Ar.  ;c  s 

To;  a: 

1 

0.00 

0.00 

0.00 

0 . 00 

. .  00 

0.00 

0 

4. 

•  .00 

O.CO 

0.00 

0.00 

0.00 

0.00 

3 

J.  19 

C.OC 

O.CO 

0.03 

O.CO 

0.22 

4 

7.41 

1.77 

0.00 

2.54 

0.00 

11.72 

5 

7  _  00 

10.49 

0.18 

4.80 

0.00 

22.48 

c 

2.47 

8.54 

1.66 

3.54 

1.21 

17.52 

"* 

1.22 

5.72 

2.07 

1 . 40 

6 . 70 

15.11 

g 

0.52 

7.65 

1.59 

0.07 

7 .  j4 

16.87 

3 

0.35 

3.01 

0.08 

J.OC 

6,41 

n  _  3  ; 

1  n 

0.25 

0.83 

O.CC 

0.00 

j  .  69 

4.77 

^  ' 

0.11 

0.03 

0.00 

0.00 

0,4? 

»  "j 

o.cc 

0.01 

0.00 

O.CO 

0vj3 

C.G3 

Iota1 

19.52 

38.05 

12.48 

100. oc 

Average 

Molecular  Weight  =  88.15 

Average 

density  -  .716 

Average 

Carbon  Number  = 

6.31 

H/C  Pat 

io  =  1.94 

48  Hours 

Carbon 

Paraffins 

No. 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

Total 

i 

0.00 

0.00 

O.CO 

0.00 

0.00 

0.00 

O 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o 

0.06 

0.00 

0.00 

0.01 

0.00 

0.07 

4 

5.46 

1.09 

O.OC 

1.36 

0.00 

8.41 

5 

6.83 

9.78 

0.18 

4.71 

0.00 

21.51 

6 

2.63 

8.94 

1.78 

3.86 

1.31 

18.53 

7 

1.32 

6.24 

2.36 

1.45 

6.20 

17.58 

8 

0.59 

9.12 

0.98 

0.06 

7.52 

18.27 

9 

0.38 

2.73 

0.09 

0.00 

6.72 

9.92 

10 

0.24 

1.01 

0.00 

0.00 

4.00 

5.25 

1 

0.11 

0.03 

0.00 

0.00 

0.32 

0.47 

1*2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

’ota ' 

>  .64 

5.39 

ll . l) } 

?<■.  0  7 

<"i.  )  - 

Average  wo 1 ecu  -  dr  Ueiqht  =  90.25 
A  ;p’_\ qe  '  O'  •"  ; -  ,7?4 
A veracp  Carbon  Number  =  6.47 
•VC  P.at;o  -  1.91 


TABLE  9.  -  Fuel  composition  summary  -  Sacramento  -  winter 


Volume-percent  Summation  by  Carbon  Number  and  Compound  Class 


Initial 

Carbon 

Paraffins 

No. 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

3 

0.24 

0.00 

0.00 

0.00 

0.00 

4 

5.93 

2.87 

0.00 

0.97 

0.00 

5 

5.75 

13.15 

0.22 

3.34 

0.00 

6 

2.75 

10.84 

3.81 

3.37 

1.64 

7 

1.12 

5.51 

3.10 

1.28 

6.00 

8 

0.38 

7.09 

1.90 

0.06 

7.80 

9 

0.21 

3.01 

0.07 

0.00 

4.95 

10 

0.09 

0.36 

0.00 

0.00 

2.06 

11 

0.00 

0.00 

0.00 

0.00 

0.15 

12 

o.oc 

0.00 

0.00 

0.00 

0.00 

Total 

16.46 

42.84 

9.10 

9.01 

22.59 

Average  Molecular  Weight  =  87.54 

Average  Density  - 

.714 

Average  Carbon  Number  =  6.26 

h/C  Ratio 

=  1.96 

48  Hours 

Carbon 

Paraffins 

No. 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

•> 

0.12 

0.00 

0.00 

0.00 

0.00 

4 

5.00 

2.17 

0.00 

0.82 

0.00 

5 

5.71 

12.67 

0.23 

3.32 

0.00 

6 

2.87 

11.15 

3.96 

3.24 

1.70 

7 

1.18 

5.67 

1.61 

2.82 

6.25 

3 

0.35 

8.55 

1.26 

8.12 

9 

0.11 

3.02 

0.07 

0.00 

5.22 

10 

0.41 

0.00 

2.23 

11 

0.14 

12 

0.00 

Tota  i 

15.33 

43.65 

7.13 

10.24 

23.65 

Average  Molecular  Weight  =  88.71 
Average  Oens i ty  -  .718 
Average  Carbon  Number  =  6.35 
H/C  Ratio  =  1.94 


Total 

0.00 

0.00 

0.24 

9.77 

22.46 

22.42 

17.00 

17.22 

8.23 

2.50 

0.15 

0.00 


100.00 


Total 

0.00 

0.00 

0.12 

7.99 

21.92 

22.92 
17.53 
18.31 

8.42 

2.65 

0.14 

0.00 


100.00 
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'^L  ...  -  hue'  composition  summary 

<■  "p  -  ;.p'-cer't  Su’wration 

b>  '"arpor.  Sump 

'  n  ’  t  ’  d 

Per 

-d  r  a  r :  ns 

3  . 

^o-na  ;so 

Napnthenes 

L 

\:c  o  oo 

0.00 

2 

c.oo 

0.00 

1 

-e  0.00 

C.OO 

=  .43 

0 . 00 

6.98  11.01 

0.18 

r.o:  s.io 

1 . 86 

’.0P  5.13 

3.30 

•la  4.17 

0.95 

:.J6 

C.G~ 

: . :  ’  c .  43 

0.00 

• .  - '  -.01 

0.00 

"  *  ■  •"*  o 

L  ■  'JL 

o.oc 

-  :  ' 

5.3.; 

'iZi 

M  "  '  ' in  nP’gOt  89.35 

'  a  ?.  c 

•  -  •  -  »  w  _  ^  \r 

'  *  - 

la'Ko'  Numoer  -  5.48 

48  Hours 

- 

0a,'36*  i  ns 

I  so 

Naphthenes 

: .  :•:•  o .  oc 

o .  oc 

0.GC 

0.00 

o.co 

c.cc 

1.03 

0 .  Oil 

p.dS  1C. 53 

0.18 

...  i'O  8.37 

1.96 

...  5  5 . 73 

1.35 

."3  4.94 

1.18 

.34  2.44 

0.09 

3.14  0.65 

0.00 

3.19  0.00 

0.00 

‘ . : 0  4.oo 

0.00 

■  J.10  33.16 

4.66 

i  ■  . 

Wp  ^  oh  t  --  91.54 

‘  ,  .  .  7 

1  s  .  -  6.50 

Su 

■\ -v  .  j  w.  v. 

<r-  /.v.  w  v.w. 

\  •-  \  *.  \  %  *» 

Fuel  composition  summary  -  Wichita  -  winter 


Carbon 

Volume-percent  Summation 

Paraffins 

by  Carbon 

Initial 

Number  and  Compound  C 1  as • 

No. 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

3 

0.12 

0.00 

0.00 

0.00 

0.00 

4 

11.92 

1.45 

0.00 

2.73 

0.00 

5 

6.22 

7.29 

0.16 

3.92 

0.00 

6 

3.56 

7.03 

2.06 

3.34 

1.21 

7 

1.56 

8.90 

1.49 

1.28 

5.44 

8 

0.56 

9.20 

1.10 

0.08 

7.29 

9 

0.29 

2.45 

0.00 

0.00 

5.33 

10 

0.15 

0.86 

0.00 

0.00 

2.76 

11 

0.04 

0.00 

0.00 

0.00 

0.22 

12 

0.00 

0.00 

0.00 

0.00 

0.00 

Total 

24.42 

37.18 

4.80 

11.35 

22.26 

Average  Molecular  Weight  =  8/.02 
Average  Density  -  .710 
Average  Carbon  Number  =  6.22 
H/C  Ratio  =  1.97 


48  Hours 


Carbon 

No. 


Normal 


Paraffins 

Iso 


Naphthenes  Olefins 


Aromatics 


T«c..E  12.  -  Fuel  composition  summary  -  Denver  -  -v'cte 


, :  „•-•> 

rcent  Summation 

by  Carbon  Numt 

er  ar  ^ 

ompourJ  ■„ '  ics 

Initial 

1  r“  K 

-araff i ns 

NO  . 

Nc  —a  ; 

Iso 

Naphthenes 

•  .  r  i  p  S 

4  "  ,;.ia  t  ’  C  S 

Total 

G .  GO 

0.00 

0.00 

0.00 

0.00 

0 . 00 

n 

" .  30 

0.00 

0.00 

0.00 

G .  00 

0.30 

3 

A 

•  c  ^ 

0.00 

0.00 

3.20 

O.GO 

0.26 

5.2  3 

5.73 

0.00 

2.54 

0.00 

13. 60 

C 

6.8-1 

8.49 

0.1S 

2.53 

0.00 

19.0b 

5.43 

9.02 

3.84 

2  50 

1 . 28 

22.16 

' 

2.25 

5.97 

3.08 

1.69 

6.32 

19.30 

c 

0.67 

3.91 

0.71 

O.Q7 

^  .64 

13.00 

9 

2.37 

2.27 

0.02 

3. 00 

6 .  /  3 

3. 40 

•  o 

C.  19 

0.39 

0.00 

r  rv 

3.23 

3.81 

A  A 

0.14 

C.00 

0.00 

o.oc 

0.98 

0.52 

>  **» 

4 

o.cc 

0.00 

O.OC 

0.30 

3.00 

0,00 

J  -  c 

21.43 

35.78 

7.84 

10.38 

24.58 

100.00 

verage 

Mol  ecu  1 ar 

Weight  =  86.83 

ve-age 

Density  - 

.715 

vemaae 

Carbon  Number  -  6.22 

:C  Rat 

o  -  :.94 

43  Hours 

arbor. 

Paraff ins 

S  a  . 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

Total 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

n.00 

0.00 

0.00 

o.cc 

C.00 

0.00 

I" 

2.07 

o.oc 

o.oc 

0.00 

0.00 

0.07 

a 

3.37 

3.48 

0.00 

1.85 

0.00 

9.20 

K 

6.63 

7.88 

0.14 

3.39 

u.OO 

18.10 

5 

5.79 

9.33 

4.05 

2.65 

1.35 

23.18 

7 

2.44 

6.90 

2.91 

1.80 

6.85 

20.89 

p 

0.76 

4.24 

0.82 

0.10 

8.37 

14.29 

9 

0.41 

2.52 

0.01 

0.00 

6.24 

9.17 

V  vj 

r\  Ol 
'J  m  L  i. 

0.47 

0.00 

0.00 

3.66 

4.33 

4  «. 

0  13 

0.00 

0.00 

0.00 

0.62 

0.75 

*  ■) 

-  <:. 

0  00 

0.00 

0.00 

0.00 

0.00 

0.00 

;;  ^ 

20.31 

34.82 

7.98 

9.80 

27.09 

100.00 

TABLE  13.  -  Vapor  pressure  versus  time  -  summer  fuels 


Equivalent  Reid  Vapor  Pressure  (psi) 
Time 


Fuel 

Oriqinal 

0 

12 

24 

48 

New  Orleans,  LA 

11.2 

9.5 

9.3 

9.2 

9.2 

Houston,  TX 

8.8 

8.2 

7.6 

7.7 

7.4 

Washington,  DC 

9.9 

9.7 

8.5 

8.4 

8.2 

Denver,  CO 

9.2 

8.9 

8.4 

8.5 

8.3 

Ft.  Lauderdale,  FL 

10.6 

9.8 

9.5 

9.3 

9.3 

Chicago,  IL 

10.2 

9.6 

9.5 

9.3 

9.3 

Sacramento,  CA 

8.7 

8.4 

8.3 

8.2 

8.0 

San  Diego,  CA 

8.9 

8.4 

8.2 

8.2 

8.1 

Wichita,  KS 

8.9 

8.8 

8.6 

8.4 

8.4 

Duluth,  MN 

10.6 

9.3 

8.3 

7.9 

8.1 

TABLE  14. 

-  Octane  ratings  - 

summer  fuels 

RON 

MON 

Fuel 

Initial 

Final 

Diff. 

Initial 

Final 

Diff. 

New  Orleans,  LA 

95.2 

95.1 

0.1 

83.7 

83.7 

0.0 

Houston,  TX 

97.5 

97.5 

0.0 

86.5 

86.5 

0.0 

Washington,  DC 

91.7 

91.4 

0.3 

81.6 

81.6 

0.0 

Denver,  CO 

89.4 

89.4 

0.0 

80.1 

80.0 

0.0 

Ft.  Lauderdale, 

FL  97.5 

97.5 

0.0 

86.8 

86.8 

0.0 

Chicago,  IL 

93.1 

93.0 

0.1 

83.7 

83.7 

0.0 

Sacramento,  CA 

98.1 

97.5 

0.6 

85.8 

85.0 

0.8 

San  Diego,  CA 

92.7 

92.6 

0.1 

82.2 

82.2 

0.0 

Wichita,  KS 

94.1 

94.0 

0.1 

85.0 

84.8 

0.2 

Duluth,  MN 

94.9 

94.0 

0.0 

86.4 

86.1 

0.3 

DISTILLATION  TEMPERATURE 


Washington  D.C. 


_  _  48  Hours 
__  Initial 


J _ I _ 1-1  1  1  I 

20  30  40  50  6J  70  80 

VOLUME-PERCENT  DISTILLED 


Changes  in  distillation  character  due  to  weathering, 
summer  fuels  from  Washington,  DC 


0  10 


FIGURE  19. 


20  30  40  50  60  70  80 

VOLUME-PERCENT  DISTILLED 


-  Changes  in  distillation  character  due  to  weathering 
summer  fuel  from  Denver. 
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VOLUME-PERCENT  DISTILLED 


Changes  In  distillation  character  due  to  weathering 
sunnier  fuel  from  Ft.  Lauderdale. 


DISTILLATION  TEMPERATURE  , 


•If 


FIGURE  23. 


Changes  in  distillation  character  due  to  weathering, 
summer  fuel  from  Sacramento 
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■V-V V. 


2J 


San  Diego 


48  Hours 
Initial 


_i _ I _ I _ I _ 1 _ L 

30  40  50  60  70  80 

VOLUME-PERCENT  DISTILLED 


;  in  distillation  character  due  to  weather 
fuel  from  San  Diego. 


TABLE  15.  -  Fuel  composition  summary  -  iCenve’-  -  sumrr.’' 


Vo1  ume-percent  Summation  by  Carbon  Number  arc  .'cmp/junc 

Initial 


Camber 

NO. 

Normal 

Paraffins 

Iso 

Naphthenes 

Olefins 

Aroma  c_ics 

7  ota 

1 

A. 

0.00 

0.00 

0.00 

0.00 

■  .00 

C.uC 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.46 

0.00 

0.00 

0.02 

0.00 

0.43 

4 

2.77 

1.54 

0.00 

1.58 

0.00 

5.89 

6.20 

7.89 

0.17 

3.25 

O.OC 

17.52 

6 

4.68 

7.18 

3.13 

4.01 

1.48 

20.48 

T 

2.40 

6.29 

1.64 

3.22 

7 . 78 

21.31 

3 

0.92 

5.48 

1.06 

0.46 

9.1- 

17. C7 

9 

0.24 

3.08 

0.09 

0.00 

7  30 

10.72 

10 

0.13 

0.87 

0.00 

0.00 

4 . 4c 

5.47 

*  1 
i  i. 

0 . 08 

0.20 

0.00 

0.00 

0.03 

0.91 

o.co 

0.13 

0.00 

0.00 

u.  00 

0.13 

'ota " 

H.c9 

32.67 

6.10 

12.54 

30.20 

100.00 

Average 

Mo'ecular  Weight  =  92.23 

Average  Censity  =  .736 
Average  Carbon  Number  =  6.64 

H/C  "atio  =  1.85 

48  Hours 


Cd’-bcn  Paraffins 


s: . 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

Total 

] 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

7 

0 . 00 

0.00 

0.00 

0.00 

0.00 

0.00 

1 

0.24 

0.00 

0.00 

0.11 

0.00 

0.35 

* 

3.91 

1.94 

0.00 

1.11 

0.00 

11.96 

5 

3.90 

5.09 

0.12 

2.04 

0.00 

11.15 

0 

3.91 

5.89 

2.73 

3.26 

1.19 

16.97 

7 

2.34 

6.03 

1.62 

3.39 

7.92 

21.30 

1.00 

5.53 

1.25 

0.38 

10.35 

18.52 

9 

0.27 

3.45 

0.09 

0.00 

8.57 

12.38 

10 

0.14 

0.93 

0.00 

0.00 

5.15 

6.23 

i  ■* 

l  i. 

0.09 

0.21 

0.00 

0.00 

0.71 

1.02 

1  o 

)  L 

0.00 

0.13 

0.00 

0.00 

0.00 

0.13 

T  o  t  a  ’ 

20.30 

29.19 

5.82 

10.29 

33.89 

100.00 

‘vena-go  Mo ’ecu ’ar  Weignt  -  92.41 

;r-  ^  74Q 

ace  Carson  Number  =  6.19 


TABLE  16.  -  Fuel  composition  summary  -  Wichita  -  summer 


Volume-percent  Summation  by  Carbon  Number  and  Compound  Class 

Initial 


Paraffins 

Iso 


Aromatics 


Total 


/P’-'Vjf’ 


li  l\ 

-  rue1  composition  summary 

-  Washington 

f  r 

i  -  • 

"  - 

accent  Summation 

Paraf  f  ’  ns 

by  Carbon  N 

Ini ti a1 

_mb£'  .:nt  2 cm: 

•  a1. 

s: 

Iso 

Naphthenes 

0 1  e  f ' n  s 

p  -  cs 

r  .  .. 

-v> 

0.30 

0.00 

L  •  uO 

p  30 

0 

-/  «  L/'J 

0.00 

0.00 

o.cc 

0 . 00 

0 

3 .  6 1 

3.00 

0.00 

9.38 

0.00 

O', 

'  •  ‘  i. 

2.4" 

0.00 

n  ►* 

O.OC 

L  L 

4 .69 

3. 59 

C.  16 

4.42 

0.00 

•  P 

^ .  8 ' 

7.15 

1.78 

4.22 

1.43 

i  / 

'  .45 

4.96 

1.68 

2.51 

►1  0  0 

16 

:.54 

8.83 

0.85 

C.  20 

c  Or: 

4  ^ 

4.  V 

18 

0.74 

0.P7 

0.00 

10 

*  *  *i 

J,  II 

0.83 

0.00 

3.03 

i4  .  <5  ' 

5 

■>  ■*  0 

0.18 

3. 00 

0.00 

-  *  >'U 

0 

3.06 

0.08 

0.00 

O.uO 

3  00 

0 

L  3  . 1 5 

ecu  "  a  *■ 

: ;  t  y  = 

36.23 

Weight  -  89.26 

.722 

4.54 

13.49 

.4i 

100 

3 if t. ' n  Number  =  6,15 


NO?*md  '. 


Paraff Ins 
’.so 


48  Hours 

Naphthenes 


Aromatics 


TABLE  18.  -  Fuel  composition  suirsnary  -  San  Diego  -  summer 


Fuel  composition  summary 

-  -:0,i  ,;or 

t  Summation 

by  Carbon  Nuii.b 

Initial 

3  r  a  *■"  f i  n  s 

iso 

Naphthenes 

O’cf'nS 

HI-  ■  ~5 

0.00 

0.00 

O.CO 

.  )u 

0.00 

0.00 

O.OC 

0 .  GO 

C.CO 

0.00 

0  •  0 

U .  OG 

0.89 

0.00 

.,36 

0.00 

7.93 

0.11 

4.64 

0.00 

5.61 

1.31 

2.33 

1.20 

4.29 

0.91 

1.4’ 

<:  52 

15.41 

0.44 

o.:o 

:  it. .  c  - 

1.95 

C.00 

)  •  O'j 

il .  3  ( 

0.22 

0.00 

>J  *  w  V 

•'  .  .1 

0.00 

0.00 

0.00 

n  - 

V.  •  .■  4. 

C.  31 

0.00 

0 . 00 

0 . 00 

36.59 

2.75 

11.46 

^  c«  t 

r i  -  93.15 

=  6.74 

48  Hours 

draff ins 

iso 

Naphthenes 

Olefins 

-.romatics 

TABLE  20.  -  Fuel  composition  summary  -  Sacramento  -  summer 


Average  Molecular  Weight  =  93.00 
Average  Density  =  .766 
Average  Carbon  Number  =  6.34 
H/C  Ratio  *  1.67 


Average  Molecular  Weight  =  93.04 
Average  Oensity  -  .766 
Average  Carbon  Number  =  6.34 
H/C  Ratio  =  1.66 
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Volume-percent  Summation 

by  Carbon 

Number  and 

Compound  Class 

Initial 

iarbon 

Paraffins 

No. 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

Total 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3 

0.27 

0.00 

0.00 

0.08 

0.00 

0.35 

4 

8.72 

1.88 

0.00 

1.08 

0.00 

11.68 

5 

1.70 

4.80 

0.09 

2.04 

0.00 

8.63 

6 

2.20 

5.63 

i.a 

2.97 

2.84 

14.85 

7 

1.57 

5.02 

0.92 

1.87 

12.68 

22.06 

8 

0.57 

5.43 

0.38 

0.11 

17.06 

23.54 

9 

0.23 

1.44 

0.00 

0.00 

11.73 

13. 4C 

10 

0.09 

0.18 

0.00 

0.00 

4.66 

4.92 

11 

0.00 

0.00 

0.00 

0.00 

0.55 

0.55 

12 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

otal 

15.35 

24.37 

2.60 

8.16 

49.52 

100.00 

Carbon 

No. 

Normal 

Paraffins 

Iso 

48  Hours 

Naphthenes 

Olefins 

Aromatics 

Total 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3 

0.24 

0.00 

0.00 

0.10 

0.00 

0.33 

4 

8.68 

1.82 

0.00 

1.06 

0.00 

11.56 

5 

1.71 

4.71 

0.09 

2.07 

0.00 

8.57 

6 

2.16 

5.65 

1.23 

3.05 

2.92 

15.02 

7 

1.57 

5.04 

0.93 

1.88 

12.80 

22.22 

8 

0.57 

5.45 

0.38 

0.11 

16.94 

23.45 

9 

0.23 

1.35 

0.00 

0.00 

11.72 

13.30 

10 

0.09 

0.13 

0.00 

0.00 

4.71 

4.93 

11 

0.00 

0.05 

0.00 

0.00 

0.56 

0.62 

12 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Total 

15.24 

24.21 

2.63 

8.27 

49.65 

100.00 

y.  jr  a  j"  .*  j  s 

.  X*  .  A.  A,  JW  AAA  AA  -V 


’  V  -V** 


^VjLfLAAj  "j.  /jlV.  J 


,v> 


ABLE  21.  -  Fuel  composition  summary  -  Fort  Lauoertiale  -  s 

» :• '  .;me- percent  Summation  by  Carbon  Number  and  Compel i no  C-as 

Initial 

Paraffins 


Nov*"ial 

Iso 

Naphthenes 

01 ef 1  ns 

Aroma:,  ics 

J.00 

0.00 

0.00 

0.00 

0.00 

.1.00 

0.00 

0.00 

0.00 

O.CO 

0 . 50 

0.00 

0.00 

0.07 

0.00 

7 .85 

2.58 

0.00 

1,67 

0.00 

5.38 

7.40 

0.16 

3.28 

0.00 

1.26 

4.03 

0.63 

1.82 

0.93 

i  A 

.  .  lC 

3.77 

0.88 

0.99 

11.09 

0.55 

14.80 

0.24 

0.10 

:  i.52 

0.18 

1.41 

0.00 

0.00 

8.90 

0.08 

0.47 

0.00 

0.00 

5.04 

0 . 00 

0.46 

0.00 

C.GO 

0.62 

0.00 

0.22 

0.00 

0.00 

0.00 

.0.93 

35.12 

1.92 

7.94 

38.  10 

v‘o 1  ecu  1  ar  Weight  =  91.95 

Density  =  .743 

Carbon  Number  = 

6.42 

=  1.79 

48  Hours 

Paraffins 

Normal  Iso  Naphthenes  Olefins  Aromatics 


TABLE  22.  -  Fuel  composition  summary  -  Duluth  -  summer 


'ABLE  23 

.  -  Fuel  composition  summary 

-  New  Orlean 

s  -  sue, me*" 

<o ’ jme-percent  Summation  by  Carbon  Number  and  Comonur.”  .  jsn 

Initial 

Paraffins 

No'-mai  Iso  Naphthenes  Olefins  Aromatics 

Total 

C  .CO 

0.00 

0.00 

0.00 

C.CO 

o.oc 

0.00 

0.00 

0.00 

0.00 

0.00 

0 . 00 

0.59 

0.00 

0.00 

0.10 

0.00 

0.69 

3.74 

3.65 

0.00 

2.10 

0.00 

14.49 

5.23 

6.29 

0.14 

2.70 

0.00 

14.36 

4.24 

6.43 

2.24 

3.63 

1.71 

18.25 

1.61 

5.27 

1.25 

2.14 

7.21 

17.48 

0.54 

5.19 

0.81 

0.15 

i0.29 

16.98 

C.  16 

2.51 

0.08 

0.00 

3. 30 

11.05 

0.08 

0.63 

0.00 

0.00 

4.82 

5.53 

0.05 

0.19 

0.00 

0.00 

0.68 

C.92 

0 . 00 

0.20 

0.00 

0.00 

0.04 

0.24 

21.24 

30.37 

4.51 

10.83 

'3.06 

100.00 

e  Molecular 

Weight  =  89.21 

e  Density  = 

.731 

2  Carbon  Number  =  6.16 

t 1 o  =  1.84 

48  Hours 

Paraffins 

Normal 

Iso 

Naphthenes 

Olefins 

Aromatics 

Total 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 . 00 

0.00 

0.00 

0.00 

0.00 

0 . 00 

3.64 

0.00 

0.00 

0.08 

0.00 

0.63 

6.91 

3.15 

0.00 

2.15 

0.00 

12.21 

5.37 

5.93 

0.14 

2.72 

0.00 

14.16 

4  29 

6.48 

2.27 

3.64 

1.74 

18.42 

1 . 66 

5.40 

1.40 

2.15 

7.50 

18.11 

0.57 

5.26 

0.85 

0.15 

1C. 75 

17.58 

0.16 

2.74 

0.08 

0.00 

8.64 

11.62 

0.28 

0.55 

0.00 

0.00 

5.30 

6.13 

C  .05 

0.19 

0.00 

0.00 

0.67 

0.91 

0.00 

0.19 

0.00 

0.00 

0.04 

0.23 

\Q  m  u  4 

29.90 

4.74 

10.89 

34.63 

100.00 

•  r:  P  C ,  3  r 

Weight.  =  90.64 

*  ‘  ’  -  j  r 

.737 

a-'L.n  Number  -  6.27 

TABLE  24.  -  Fuel  composition  summary  -  Chicago  -  summer 


Carbon 

No. 


Volume-percent  Summation  by  Carbon  Number  and  Compound  Class 

Initial 


Normal 


Paraffins 

Iso 


NaDhthenes  Olefins  Aromatics 


0.00 

0.00 

0.00 

0.00 

0.00 

0.71 

0.00 

10.80 

0.00 

23.53 

1.99 

23.98 

8.10 

18.22 

4.79 

10.19 

5.02 

6.93 

3.80 

4.20 

0.67 

0.99 

0.04 

0.44 

Average  Molecular  Weight  =  85.82 
Average  Density  =  .716 
Average  Carbon  Number  =  5.91 
H/C  Ratio  =  1.91 


48  Hours 


Carbon 
No. 


Norma’ 


Paraffins 

Iso 


NaDhthenes 


Olefins  Aromatics 


00 

0.00 

0.00 

00 

0.00 

0.00 

05 

0.00 

0.15 

63 

0.00 

9.79 

17 

0.00 

10.18 

73 

1.48 

18.03 

27 

10.42 

22.44 

25 

8.31 

16.90 

00 

9.00 

12.26 

00 

6.51 

7.49 

00 

1.04 

1.63 

00 

0.11 

1.14 

10 

36.87 

100.00 

Average  Molecular  Weight 
Average  Density  -  .752 
Average  Carbon  Number  = 
H/C  Ratio  =  1.78 
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421  West  Eighteenth  Street 
Box  1 OC 7 
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